Introduction {#Sec1}
============

Low back pain (LBP) is a common problem affecting most adults at some point in life. LBP is often recurrent and may have substantial consequences in terms of work absence or disability pension (Airaksinen et al. [@CR1]; Hoy et al. [@CR20]; Waddell and Burton [@CR51]). LBP covers different diagnoses where the most common diagnoses are unspecified disorders of the back and intervertebral disc disorders (Martin et al. [@CR28]). Individual risk factors for LBP are a previous history of LBP, age, obesity, smoking, low socioeconomic status, depressive mood, and somatization tendency (De Beeck and Hermans [@CR11]; Pincus et al. [@CR34]; Plouvier et al. [@CR35]; Shiri et al. [@CR38]; Wahlstrom et al. [@CR52]). Occupational factors related to the psychosocial as well as the physical work environment have also been identified as potential risk factors for LBP. There are indications of an effect of low social support in the workplace and low job satisfaction on LBP (Hoogendoorn et al. [@CR19]; Kaila-Kangas et al. [@CR21]). Heavy physical work, lifting, and working in awkward postures have been identified as potential work-related risk factors for LBP (Bernard [@CR8]; Coenen et al. [@CR9]; De Beeck and Hermans [@CR11]; Gallagher [@CR13]; Griffith et al. [@CR15]; Hansson [@CR16]; Harms-Ringdahl et al. [@CR17]; Heneweer et al. [@CR18]; Lotters et al. [@CR24]). A few studies have found an association between lumbar disc herniation and whole-body vibrations and lifting/carrying (Seidler et al. [@CR37]; Wahlstrom et al. [@CR53]). It is still unclear, however, whether heavy physical work and manual material handling are associated with lumbar disc herniation. A genetic predisposition seems to be the most important risk factor for lumbar disc herniation (Battie et al. [@CR5]; Martirosyan et al. [@CR29]).

However, most studies examining physical work-related factors and low back disorders have used self-reported information on exposure or outcome and are cross-sectional with methodological weaknesses (Barrero et al. [@CR3]; Lenderink et al. [@CR23]; Stock et al. [@CR42]). In the longitudinal studies, the follow-up time is generally short (Coenen et al. [@CR9]) which may be a problem, as low back disorders may take years to develop. Hence, there is a need for longitudinal studies with long follow-up and objective and independent information on occupational lifting and LBP and lumbar disc herniation.

It is well documented that most airport baggage handlers are exposed to heavy lifting in their daily work and that they report a high prevalence of pain, especially in the low back, knees, and shoulders (Bergsten et al. [@CR6]; Bern et al. [@CR7]; Stalhammar et al. [@CR40]; Tafazzol et al. [@CR43]; Undeutsch et al. [@CR49]). Biomechanical studies have shown that the lumbar muscle activity is high among baggage handlers in all tasks and that the lumbar compression forces on L4--L5 disc exceed the recommended limits for compression during lifting (Koblauch [@CR22]; Tafazzol et al. [@CR43]). The work environment of airport baggage handlers is internationally relevant and will still be relevant in the future with the increasing air traffic (Statista---Statistics and Market Data about transport and Logistics [@CR41]; The International Air Transport Association (IATA) [@CR45]).

In 2012, we established The Copenhagen Airport Cohort, a historical cohort consisting of an exposed group of airport baggage handlers performing heavy lifting every day and a reference group of unskilled workers. The cohort has a long follow-up time and objective information on job function and employment as well as information on diagnoses and surgery from Danish national registers (Moller et al. [@CR31]). One purpose of establishing the cohort was to assess associations between manual material handling in awkward postures and the incidence of low back disorders and other musculoskeletal disorders. We have found an increased incidence of hospital admissions due to meniscal lesions in the knees and subacromial shoulder disorders among baggage handlers compared to the reference group and the incidence increased with years of employment (Mikkelsen et al. [@CR30]; Thygesen et al. [@CR48]).

The purpose of the present study was to examine if occupational lifting assessed as cumulative years as a baggage handler is a predictor for first-time hospital diagnosis or treatment for LBP and lumbar disc herniation. In addition, we wished to examine whether the incidence of these low back disorders differed between baggage handlers working on the apron and in the baggage sorting area in the terminal and whether the incidence decreased after introduction of technical lifting equipment.

Study population and methods {#Sec2}
============================

Cohort {#Sec3}
------

The Copenhagen Airport Cohort consists of baggage handlers with employment at Copenhagen Airport (CPH) and a reference group of men with unskilled work and a similar socioeconomic background but with less physical workload during the period 1990--2012 (*n* = 69,175). Only men were included as there were no women working as baggage handlers at CPH. We included both present and former employees who were registered in electronic employment registers as well as trade union membership registers. A good agreement was found between the data sources (Mikkelsen et al. [@CR30]; Moller et al. [@CR31]). For each person, we got information on all employment and union membership periods as well as job title and dates for work periods in specific departments. Hence, we could identify baggage handling work and other work tasks for each calendar year since first entry date. A person was classified as a baggage handler if he had ever worked as such. The baggage handler cohort consisted of baggage handlers from the two largest handling companies at CPH. The reference cohort consisted of men employed in other unskilled occupations at the airport (e.g., security personnel, cleaning, and area maintenance personnel) or in other firms in the Greater Copenhagen area (e.g., drivers, postal workers, garbage collectors, and municipal workers). The construction of the cohort is described in detail by Moller et al. ([@CR31]).

All Danish residents have a unique personal identification number, and hence, we could follow the cohort in the National Patient Register, the Civil Registration System, and registers at Statistics Denmark to obtain information on diagnoses, surgery, mortality, migration, retirement, and educational level (Lynge et al. [@CR26]; Pedersen [@CR33]; Thygesen et al. [@CR47]).

In addition, we collected self-reported data by a questionnaire survey in 2012 about lifestyle factors such as body mass index (BMI), leisure-time physical activity, and smoking habits (Bern et al. [@CR7]). The questionnaire was sent to all baggage handlers and a random sample of the reference group. Non-responders were contacted by phone. The questionnaire was sent to 5474 persons in the cohort of whom 3749 responded (68%) with no difference between baggage handlers and reference group.

Baggage handler work {#Sec4}
--------------------

The baggage handlers either work in the baggage sorting area inside the terminal building or outdoors on the apron where the aircraft are parked at the gates. In the baggage sorting area, they load or unload baggage carts or containers to or from a belt conveyor. On the apron, they work either on the ground or inside the baggage compartment of the aircraft loading or unloading most aircraft manually. During bulk loading and unloading an aircraft, one baggage handler is standing at the belt loader on the ground transferring baggage between baggage carts and the belt, while another baggage handler is inside the baggage compartment where he stacks the baggage. The baggage handler inside the baggage compartment either works in sitting, kneeling, squatting, or stooped postures depending on the height of the compartment and personal preference.

We received detailed information about flights and load from the baggage handling companies. There are seasonal and interpersonal variations, but baggage handlers on average lift or handle approximately 5000 kg in a 9-h shift and a piece of baggage weighs on average 15 kg (Mikkelsen et al. [@CR30]; Moller et al. [@CR31]). The daily baggage handling load for each baggage handler has been rather constant over years since 1990. Technical lifting equipment in the form of baggage lifters with a hook was introduced in the baggage sorting area in 1998, and on the apron, extendable belt loaders were introduced from 2002 to 2004. These belt loaders can extend into the baggage compartment and have a height adjustable section of the conveyor, so the luggage can be pushed or pulled instead of being lifted.

Exposure {#Sec5}
--------

The primary exposure measure was cumulative years as a baggage handler. We computed the percentage of employment as a baggage handler for each year and then cumulated the percentage of employment during follow-up resulting in the time-dependent cumulative years as a baggage handler available for each year. From the employment registers of the handling companies, we also had information on years of employment on the apron and in the baggage sorting area and cumulated these during follow-up. In addition, we included cumulative years in the baggage sorting area and on the apron before and after 1998 and 2004 to evaluate the influence of lifting equipment and extendable belt loaders, respectively.

Outcome {#Sec6}
-------

The primary outcome of the study was first hospitalization with a diagnosis or surgical treatment of low back disorders. A priori we divided the low back disorders into two groups: (1) lumbar disc herniation and (2) unspecified disorders of the back, in the following referred to as LBP. Data on diagnoses and surgery were obtained from the National Patient Register which includes information on contacts to the secondary health care system since 1977 about hospital discharge diagnoses, surgery codes, date of admission, and date of surgery linked to the unique personal identification number (Lynge et al. [@CR26]). Before 1994, all diagnoses were classified according to the International Classification of Diseases version 8 (ICD-8) and afterwards according to ICD-10. From 1995, data were added on outpatients. Surgical procedures were before 1996 coded according to a Danish national classification system and from 1996 according to the NOMESCO classification of Surgical Procedures (Nordic Medico-Statistical Committee [@CR32]).

In the analyses, we included persons with either a diagnosis or a surgical procedure for lumbar disc herniation and persons with a diagnosis of LBP, respectively. We included only primary diagnoses. For lumbar disc herniation, we included diagnoses describing lumbar, thoracolumbar, and lumbosacral intervertebral disc disorders with or without myelopathy or radiculopathy and surgical procedures for excision of lumbar intervertebral disc displacement or discectomy of lumbar spine. For the diagnosis of LBP, we included diagnoses of lumbago with or without sciatica, low back pain, and sprain/strain of lumbar spine. The specific codes for diagnoses and surgical procedures are listed in the [Appendix](#Sec16){ref-type="sec"}.

Covariates {#Sec7}
----------

All covariates were chosen a priori based on the literature and a directed acyclic graph (Greenland et al. [@CR14]; Shrier and Platt [@CR39]). The following factors were included in the analyses: age, calendar year, highest attained educational level, and year for introduction of lifting equipment. Age was included both continuously and categorically (\< 30, 30--44, 45--59, and 60+ years), calendar year was included categorically (1990--1994, 1995--1999, 2000--2004, and 2005--2012), and educational level was included categorically (elementary school, high school, vocational education, and higher education). Baggage lifting equipment and extendable belt loaders were included as binary covariates before and after 1998 and 2004 for baggage handlers working in the baggage sorting area and on the apron, respectively.

As additional information about the comparability of baggage handlers and referents, we reported the prevalence of the following self-reported factors from the questionnaire survey in 2012: BMI, smoking habits, alcohol consumption, leisure-time physical activity, general health, and low back pain. As descriptive measures of the baggage handlers' work, we reported information collected in the survey among baggage handlers only (proportion of work in the baggage compartment/on the ground on the apron, working postures in the baggage compartment, and use of lifting equipment in the baggage sorting area).

Statistical analyses {#Sec8}
--------------------

We followed the cohort from start of employment, 1 January 1990 or immigration after employment, whichever came last, and until first diagnosis or surgical procedures for low back disorders, emigration, death or end of follow-up (31 December 2012), whichever came first. We excluded persons who died or emigrated before 1990 or who only had employment after diagnosis of low back disorders. After exclusions, the cohort for the analyses of lumbar disc herniation consisted of 68,436 men (2579 baggage handlers and 65,857 in the reference group), while the cohort for the analyses for LBP consisted of 67,695 men (2539 baggage handlers and 65,156 in the reference group).

The data for persons with LBP as an outcome were censored if they got a diagnosis or surgery for lumbar disc herniation prior to the diagnosis of LBP, whereas no censoring was done for LBP in the analyses of lumbar disc herniation, because disc herniation may develop in a person who already has LBP.

We included status as baggage handler and cumulative years of employment as baggage handler in four predefined models:Baggage handlers compared to the external reference group as a binary group variable.Baggage handler cumulative years as a categorical variable (non-baggage handler, 0.1--2.9 years, 3.0--9.9 years, 10.0--19.9 years and 20.0+ years). We used the least exposed group of baggage handlers (0.1--2.9 years of employment) as the reference group to assess a dose--response relationship among baggage handlers. In this way, the external reference group only serves as an anchor point for comparison with baggage handlers with short exposure and not as a zero-exposed group.Cumulative years as a continuous variable and including the binary group variable (coded '1' for external referents and '0' for baggage handlers). By coding this way, the influence of cumulative years only refers to baggage handler cumulative years.Cumulative years as a restricted cubic spline with knots at 5th, 27.5th, 50th, 72.5th, and 95th percentiles of the distribution of cumulative years using the SAS macro PSPLINET. In this model, we included the same binary group variable, so the effect of cumulative years refers to baggage handler cumulative years. We included a test for non-linearity of the influence of cumulative years on low back disorders using the likelihood ratio test, comparing the model with only the linear term to the model with the cubic spline terms.

For each model, we performed both an unadjusted analysis and an adjusted analysis where we included the confounders mentioned above.

The impact of changes in diagnosis and surgery classification systems in 1994 and 1996, respectively, was examined in a sensitivity analysis for outcomes that occurred after these changes. Furthermore, we examined if the influence of age was different for baggage handlers and the reference group.

We also analyzed the influence of cumulative years in the baggage sorting area and on the apron where we included cumulative years as categorical variables and used the categories 0.1--2.9 years, 3.0--5.9 years and 6.0+ years because of few cases with long duration of employment in these two areas. We stratified the analyses on calendar years before and after introduction of technical lifting equipment (1998 in the baggage sorting area and 2004 on the apron).

Finally, we evaluated whether risk of low back disorders changed after cessation of employment as baggage handler and if such a change depended on cumulative years as baggage handler. The influence of years since cessation was modeled as a restricted cubic spline. We tested an interaction between cumulative years and years since cessation.

Two-sided *p* values of below 0.05 were considered statistically significant. Data were analyzed using Poisson regression with log-transformation of person-years at risk and Cox regression (restricted cubic spline) using SAS version 9.3 (SAS Institute, Cary, North Carolina, USA).

Results {#Sec9}
=======

The total cohort of 69,175 men consisted of 3473 baggage handlers and 65,702 men in the reference group. At the start of follow-up, the baggage handlers were slightly younger than the reference group and a larger proportion of the baggage handlers had a vocational education than the reference group (Table [1](#Tab1){ref-type="table"}). Self-reported data from the survey in 2012 showed similar BMI, smoking habits, alcohol consumption per week, and leisure-time physical activity (Table [1](#Tab1){ref-type="table"}). Most baggage handlers (70%) reported to work equally on the ground and in the baggage compartment when they were on the apron. Kneeling and sitting were the most frequently reported working postures in the baggage compartment. For work in the baggage sorting area, only 36% reported to use the lifting equipment frequently (half of the time or more).Table 1Characteristics of the Copenhagen Airport Cohort by baggage handlers and referentsBaggage handlersReference group*N*%*N*%Data from registers^a^*N*347365,702*Age groups (years)*\< 30214861.830,20346.030--44120834.821,35732.545--591153.310,25815.660+20.138845.9*Educational level*Elementary school158245.637,23156.7High school44612.8847212.9Vocational education129637.316,71225.4Higher education1494.332875.0*Marital status*Widower20.17031.1Divorced1594.657958.8Married81423.420,38231.0Unmarried249871.938,82259.1Data from survey 2012*Respondents*17861963*Body mass index (kg/m*^2^*)*\< 18.510.190.518.5--24.961134.667935.225--29.986549.089746.530.0+28816.334617.9*Smoking*Never68238.568034.8Past60634.267434.5Current48427.359830.6*Alcohol (units/week)*None43524.650225.81--21124870.7131867.8\> 21824.61256.4*Leisure*-*time physical activity*Sedentary1759.925513.2Low62435.469735.9Medium71140.370736.5High25414.428014.4*General health*Excellent/very good64536.588045.3Good72841.277740.0Fair/poor39422.328614.7*Low back pain the past 12* *months*Not at all/a little/somewhat112467.9139676.2Quite a lot/very much53132.143723.8Register-based information and self-reported information from questionnaire survey^a^Descriptive statistics for the first year during follow-up that a person was a baggage handler, or the first year during follow-up for workers who were never a baggage handler (reference group)

A diagnosis of lumbar disc herniation was less frequent than LBP. There were 2244 incident cases of lumbar disc herniation cases (118 baggage handlers and 2126 referents) and 3143 incident cases of LBP (237 baggage handlers and 2906 referents) (Table [2](#Tab2){ref-type="table"}). Most diagnoses of lumbar disc herniation were unspecific (DM511) or at the L4/L5 or L5/S1 levels (DM511D and DM511E, respectively).Table 2Incidence rate ratios (IRR) and 95% confidence intervals (95% CI) based on Poisson regression of the association between work as a baggage handler and low back disordersLumbar disc herniationLow back painCasesPerson--yearsIRIRR95% CI*P* valueCasesPerson--yearsIRIRR95% CI*P* valueModel 1*Binary group variable*Unadjusted Non-baggage handler2126973,5282181.00Reference0.152906941,5573091.00Reference\< 0.0001 Baggage handler11847,2282501.140.95--1.3823744,7845291.711.50--1.96Adjusted^a^ Non-baggage handler1.00Reference0.261.00Reference\< 0.0001 Baggage handler0.820.58--1.161.541.25--1.91Model 2*Cumulative years of employment, categorical*Unadjusted Non-baggage handler2126973,5282181.010.72--1.410.482906941,5573090.790.61--1.02\< 0.0001 0.1--2.9 years3516,2022161.00Reference6115,6533901.00Reference 3.0--9.9 years4116,1442541.180.75--1.858415,4205451.401.01--1.9410.0--19.9 years3110,5692931.360.84--2.206498026521.681.18--2.38 20.0+ years1143142551.180.60--2.322839097161.841.17--2.87Adjusted^a^ Non-baggage handler1.300.84--2.020.800.850.63--1.15\< 0.0001 0.1--2.9 years1.00Reference1.00Reference 3.0--9.9 years1.070.68--1.691.380.99--1.92 10.0--19.9 years1.150.71--1.861.621.14--2.31 20.0+ years1.050.53--2.091.941.23--3.07Model 3*Cumulative years of employment, continuous linear per 5 years*^*b*^Unadjusted^c^1.040.93--1.170.491.141.06--1.230.001Adjusted^d^1.010.90--1.140.861.161.07--1.25\< 0.0001The Copenhagen Airport Cohort of 69,175 men (3473 baggage handlers and 65,702 non-baggage handlers)*IR* incidence rate per 100,000 person-years^a^Adjusted for age, use of baggage lifting aids, use of extending belt loader, educational level, and calendar year^b^Effect of a 5-year increase of employment as baggage handler^c^Not adjusted for potential confounders, but including the binary group variable for baggage handler (yes/no)^d^Adjusted for the binary group variable for baggage handler (yes/no) in addition to age, year, use of baggage lifting aids, use of extending belt loader, educational level, and calendar year

In general, baggage handlers had a higher incidence of LBP, but not of lumbar disc herniation compared to the external reference group (Table [2](#Tab2){ref-type="table"}, model 1). When the cumulative years of employment were analyzed in categories, baggage handlers with longer employment had a higher incidence of LBP compared to baggage handlers with shorter employment (Table [2](#Tab2){ref-type="table"}, model 2). Baggage handlers with 20 years of employment or more had an incidence rate ratio (IRR) of 1.94 (95% confidence interval (CI) 1.23--3.07) of LBP compared to baggage handlers with less than 3 years of employment (fully adjusted model). The linear association of cumulative years as a baggage handler on LBP was significantly increased with an adjusted IRR of 1.16 (95% CI 1.07--1.25) for a 5-year increase of employment as baggage handler (Table [2](#Tab2){ref-type="table"}, model 3). Cumulative years did not affect the incidence of lumbar disc herniation in any of the models.

Figure [1](#Fig1){ref-type="fig"} shows that the hazard ratio (HR) of LBP increased monotonically with cumulative years as a baggage handler. There was no indication of a cut point where the effect changed, and the spline model was not significantly better than the model with cumulative years included with a linear effect (*P* = 0.72). For lumbar disc herniation the test for non-linearity was also non-significant (*P* = 0.85), but here the line was almost horizontal (not shown). The sensitivity analysis where we restricted to a diagnosis or surgery after 1994 and 1996, respectively, did not alter our results.Fig. 1Association between cumulative years as baggage handler and low back pain. Restricted cubic splines with 95% confidence interval. Cox regression model adjusted for baggage handler status (yes/no), age, use of baggage lifting aids, use of extendable belt loader, educational level, and calendar year

Cumulative years as baggage handler and age were highly correlated (Pearson's correlation coefficient, 0.63), and the effect of cumulative years on LBP (cf. above) may, therefore, be over-adjusted when adjusting for age. The effect of age on LBP showed an adjusted IRR of 1.08 (95% CI 0.95--1.23) among baggage handlers and an adjusted IRR of 0.89 (95% CI 0.86--0.91) in the reference group for a 10-year increase of age. Test for interaction between age and baggage handler status was significant (*P* = 0.011). For lumbar disc herniation, there was no interaction between age and baggage handler status.

The non-baggage handlers had a significantly reduced risk of LBP compared to the baggage handlers in the baggage sorting area as well as on the apron (Table [3](#Tab3){ref-type="table"}). In the baggage sorting area, there was a significant association in the continuous linear model between cumulative years of employment and LBP after 1998 when lifting equipment was introduced, but not before 1998. On the apron, there was an increased incidence of LBP with longer employment before the introduction of technical lifting equipment in 2004 when including employment length continuously (*P* = 0.0003). In the categorical analyses, the baggage handlers with 6 or more years of employment on the apron had a higher incidence of LBP before 2004 with an IRR of 1.54 (95% CI 1.12--2.12) compared to baggage handlers with less than 3 years of employment on the apron, while the IRR was 0.94 (95% CI 0.38--2.36 from 2004 to 2012. We found no effect on lumbar disc herniation for baggage handlers neither in the baggage sorting area nor on the apron.Table 3Association between lumbar disc herniation and low back pain and cumulative years as baggage handler in the baggage sorting area and at the apron before and after introduction of technical lifting equipment, incidence rate ratio (IRR), and 95% confidence intervals (95% CI)Before 1998^a^1998--2012^a^Before 2004^a^2004--2012^a^CasesIRR95% CI*P* valueCasesIRR95% CI*P* valueCasesIRR95% CI*P* valueCasesIRR95% CI*P* value*Lumbar disc herniation*Non-baggage handler21700.930.70--1.230.3621810.950.73--1.250.9421370.890.65--1.210.7322000.890.61--1.290.680.1--2.9 years501.00Reference551.00Reference421.00Reference281.00Reference3.0--5.9 years221.080.65--1.7971.140.52--2.51210.840.50--1.41121.170.59--2.306.0+ years20.360.09--1.5010.720.10--5.23441.010.66--1.5541.210.42--3.44Continuous linear^b,c^0.850.56--1.300.451.200.63--2.320.581.020.86--1.210.801.500.93--2.400.09*Low back pain*Non-baggage handler29800.590.48--0.71\< 0.000130240.650.53--0.80\< 0.000129270.800.62--1.02\< 0.000130690.540.41--0.71\< 0 .00010.1--2.9 years1071.00Reference1001.00Reference661.00Reference511.00Reference3.0--5.9 years431.040.73--1.49161.761.04--2.98571.601.12--2.28181.080.63--1.856.0+ years131.110.62--1.9731.560.49--4.92931.541.12--2.1250.940.38--2.36Continuous linear^b,c^1.150.91--1.450.241.721.11--2.670.021.221.10--1.360.00031.330.90--1.960.16^a^Adjusted for age, educational level, and calendar year^b^Also adjusted for baggage handler (yes/no)^c^Effect of a 5-year increase of employment as baggage handler in the baggage sorting area and at the apron, respectively

Cessation of work as a baggage handler was associated with a decreasing trend in the risk of LBP with time since cessation (HR = 0.72, 95% CI 0.54--0.95, *P* = 0.02 for every 5 years since cessation) There was an interaction between time since cessation and cumulative years of employment (*P* = 0.01), so that the effect decreased more among baggage handlers with 10 years or more of employment than among baggage handlers with less than 10 years of employment.

Discussion {#Sec10}
==========

This large cohort study of 69,175 men examined the influence of occupational lifting in terms of cumulative years of employment as baggage handler on the risk of hospital admission because of incident lumbar disc herniation and LBP. We used register data on employment and diagnoses, so that exposure and outcome were measured independently and without any self-reported information. We found that baggage handlers had an increased incidence of LBP compared to the reference group. In addition, the IRR of LBP increased with cumulative years suggesting a dose--response relationship with duration of employment. There was a statistically significant interaction between age and baggage handler status, indicating that LBP which required treatment at hospital occurred at a younger age among baggage handlers than in the reference group. For baggage handlers working on the apron, the incidence was particularly increased in the period before introduction of extendable belt loaders. The incidence of LBP decreased when the baggage handlers terminated their employment. The baggage handlers did not have an increased incidence of lumbar disc herniation and this disorder was not associated with cumulative years as a baggage handler.

Exposure {#Sec11}
--------

We were not able to assign exact exposure data in terms of intensity or frequency of lifting for each individual baggage handler. As exposure, we used job titles and number of years employed as a baggage handler which is a relatively crude measurement of exposure and this could bias our results towards null. Even though the main task for a baggage handler is manual handling of luggage and the exposure thus is rather homogeneous, we know that the amount of lifted luggage differs between the baggage handlers. However, we had very detailed information from the employers about the manually loaded baggage on the flights during many years. Based on these data, we have estimated an average exposure of lifting or handling of a total of 5000 kg a day, composed of baggage with an average mass of about 15 kg, which corresponds to lifting more than 300 times per day. Our reference group consisted of unskilled men to obtain socioeconomic comparability between the two groups. Some persons in the reference group may have had some heavy lifting at work, but altogether we believe that we have a significant contrast in occupational lifting between the two groups as only a few persons in the reference group would lift about 5000 kg per day. Even if our choice of referents may have reduced the contrast of exposure, this does not influence the effects of cumulative years of exposure within the group of baggage handlers.

A risk of misclassification of exposure is possible. We used several sources to define the employment periods, because employees from two different handling companies were included in the cohort of baggage handlers and information from the trade union supplemented data. The data were not intended to be used for research and were of different quality especially back in time before the registers became electronic. The local union member files became electronic starting in the 1980s and the company registers became electronic in 1990 and 1995. (Moller et al. [@CR31]), so cumulative years of employment are probably not complete. However, a good agreement was found between the different sources, but a small proportion of persons who were registered as baggage handlers replied in the questionnaire that they had never worked as such (Mikkelsen et al. [@CR30]). While a small misclassification in data exists, this is most likely non-differential.

A healthy worker effect could also have biased our results if men with recurrent back problems or sciatica are less likely to seek employment as a baggage handler or if more baggage handlers than referents with back problems left their job.

Outcome {#Sec12}
-------

Our outcomes were based on hospital admissions and outpatient visits because of lumbar disc herniation and LBP registered in the Danish National Patient Register. The register covers the whole population, it is considered to be of high quality and the follow-up is almost complete (Lynge et al. [@CR26]; Schmidt et al. [@CR36]). Even if the register is of high quality, our outcome measure does not reflect the true occurrence of low back disorders and associated disability as only a small proportion of persons with low back pain are referred to hospital for investigation or treatment. Denmark has a public and free health care system, but it is also possible to consult private hospitals and clinics which may be a potential source of underreporting too. Although it has been mandatory since 2003 also for private health care providers to register all activities, registration from private hospitals and clinics is still incomplete (Schmidt et al. [@CR36]). The proportion of treatments in private hospitals is very small though compared to the public health care system (Danish Health and Medicines Authority [@CR10]). Use of register data also poses a risk of misclassification of outcome because of potential differences in registration practice across hospital departments, medical doctors, and calendar time. However, we consider that most clinicians will reliably distinguish between our two diagnostic groups, and we made sensitivity analyses restricted to diagnoses after 1994 and surgery after 1996 because of changes in the classification of diseases and surgery. This did not affect our results.

A possibility of referral bias exists if persons with low back pain are more likely to be referred to hospital when they have high physical work load, because their work is made difficult by their symptoms (Baker et al. [@CR2]). Such differential referral would tend to inflate the risk estimates. However, our reference group consisted of men with manual work, and even though their work was not as heavy as baggage handling, most men in the reference group would also have problems with attending to their work with local low back pain. Furthermore, our results showed an internal dose--response relationship of LBP with cumulative years of exposure within the group of baggage handlers. It is not likely that referral bias would be associated with cumulative years.

In our study, we found no increased risk for lumbar disc herniation, but only for LBP among the baggage handlers. A possible explanation could be different etiopathogeneses of lumbar disc herniation and LBP. A few studies have used objective measures of low back disorders. Some studies have assessed lumbar disc degeneration in relation to occupation and back injuries using magnetic resonance imaging (Battie et al. [@CR4]; Elfering et al. [@CR12]; Luoma et al. [@CR25]; Mariconda et al. [@CR27]; Videman et al. [@CR50]). These studies suggest that occupational exposures influence disc degeneration, but that disc degeneration in great part is determined by genetic factors. In a case--control study, Seidler et al. investigated the relationship between physical workload and symptomatic lumbar disc herniation with and without concomitant osteochondrosis or spondylosis (Seidler et al. [@CR37]). They found only a statistically significant relation between cumulative exposure to lifting and carrying among cases with lumbar disc herniation when it was combined with osteochondrosis or spondylosis. They hypothesize that cumulative physical workload might only be related to spondylotic changes. This could indicate different etiopathogeneses of LBP and lumbar disc herniation, which again could be an explanation for our results only finding an association with LBP.

Confounders {#Sec13}
-----------

As we used register data, we did not have information on potential individual confounders such as BMI and lifestyle factors on all participants and could accordingly not adjust for these covariates in the analyses. Height, weight, and BMI and lifestyle factors as physical inactivity may influence back problems, especially among the baggage handlers who work in confined space in the aircraft compartments. However, we chose a reference group with similar socioeconomic status and made a questionnaire survey among the baggage handlers and a random sample of the reference group, and found that the two groups were comparable about lifestyle factors (Bern et al. [@CR7]). In addition, we have adjusted for educational level. Considering these factors, we find it unlikely that our results are due to residual confounding.

Strengths and limitations {#Sec14}
-------------------------

The primary strength of the study is the design. The study was a longitudinal cohort study with a long follow-up period and hardly any loss to follow-up. The cohort was large and well defined, the information on exposure was recorded before the outcome and based on objective data, and data sources of information about exposure and outcome were independent. The main limitations are the lack of personal measurements of exposure, potential misclassification of exposure and outcome, and the outcome including only persons with severe enough back problems to be referred to hospital.

Concluding remarks {#Sec15}
==================

Our study showed that occupational lifting among baggage handlers was a predictor of hospital admission due to LBP, but not lumbar disc herniation. The incidence of hospital admission or outpatient visit because of LBP was higher among baggage handlers than among referents. In addition, the incidence increased with cumulative years of work as a baggage handler and decreased after cessation of work as a baggage handler. For baggage handlers on the apron, the incidence was particularly increased in the period before introducing extendable belt loaders, suggesting that preventive measures to reduce cumulative work load may have had an effect.

Appendix {#Sec16}
========

See Table [4](#Tab4){ref-type="table"}.Table 4Codes for diagnoses and surgical procedures used for lumbar disc herniation and low back painICD-8 codes for diagnosesICD-10 codes for diagnosesOld codes for surgical proceduresNOMESCO codes for surgical procedures^a^Lumbar disc herniation72510, 72511M51.0, M51.0A, M51.1, M51.1A, M51.1B, M51.1C, M51.1D, M51.1E, M51.1F, M51.1I, M51.2, M51.2A, M51.2B, M51.2C, M51.2D, M51.2E, M51.2F77480, 82073, 82173ABC16, ABC26Low back pain71709, 72879M54.3, M54.4, M54.5, S33.5A^a^NOMESCO Classification of Surgical procedures (NCSP), version 1.16
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